We present the analysis of 34 new VLT/X-Shooter spectra of young stellar objects in the Chamaeleon I star-forming region, together with four more spectra of stars in Taurus and two in Chamaeleon II. The broad wavelength coverage and accurate flux calibration of our spectra allow us to estimate stellar and accretion parameters for our targets by fitting the photospheric and accretion continuum emission from the Balmer continuum down to ∼700 nm. The dependence of accretion on stellar properties for this sample is consistent with previous results from the literature. The accretion rates for transitional disks are consistent with those of full disks in the same region. The spread of mass accretion rates at any given stellar mass is found to be smaller than in many studies, but is larger than that derived in the Lupus clouds using similar data and techniques. Differences in the stellar mass range and in the environmental conditions between our sample and that of Lupus may account for the discrepancy in scatter between Chamaeleon I and Lupus. Complete samples in Chamaeleon I and Lupus are needed to determine whether the difference in scatter of accretion rates and the lack of evolutionary trends are not influenced by sample selection.
Introduction
During the first Myr of evolution toward the main sequence, the disk around young stellar objects (YSOs) evolves and is dispersed mainly by disk accretion processes and photoevaporation (Alexander et al., 2014) . The importance and the properties of disk accretion are constrained by studying objects located in different star-forming regions and at different evolutionary phases.
Observations of accretion in YSOs mostly focus on determining the amount of material accreted onto the central star per unit time. This mass accretion rate (Ṁ acc , e.g., Hartmann et al., 1998) may be compared to the stellar and disk properties to test the predictions of models of disk evolution. Relations between the accretion luminosity (L acc ) and stellar luminosity (L , e.g., Natta et al., 2006; Clarke & Pringle, 2006; Rigliaco et al., 2011a; Manara et al., 2012) and betweenṀ acc and stellar mass (M , e.g., Muzerolle et al., 2003; Mohanty et al., 2005; Natta et al., 2006; Herczeg & Hillenbrand, 2008; Antoniucci et al., 2011 Antoniucci et al., , 2014 Manara et al., 2012; Alcalá et al., 2014; Ercolano et al., 2014; Frasca et al., 2015) are frequently derived to examine the dependence of accretion on the properties of the central star. Accretion has sometimes been found to correlate with age (e.g., Hartmann et al., 1998; Sicilia-Aguilar et al., 2010; Antoniucci et al., 2014) , although ages of individual young stars in a given star-forming region are very uncertain as a result of both obserThis work is based on observations made with ESO Telescopes at the Paranal Observatory under programme ID 084.C-1095 and 094.C-0913.
ESA Research Fellow vational and model-dependent uncertainties (e.g., Soderblom et al., 2014) , including a dependence of age estimate on the spectral type (e.g., Herczeg & Hillenbrand, 2015) .
Measurements ofṀ acc are obtained spectroscopically using direct or indirect methods. Flux-calibrated spectra that span a wide wavelength range and include the Balmer continuum region yield direct estimates of the L acc while also allowing for the incorporation of veiling into spectral type and extinction measurements. This approach is thought to lead to more reliable estimates for the stellar mass and radius, which are necessary ingredients when estimatingṀ acc and ages (Manara et al. 2013b; Herczeg & Hillenbrand 2014, hereafter HH14) . While the entire UV spectrum is obtained only from space telescopes and is then used to deriveṀ acc for relatively small samples of YSOs (e.g., Gullbring et al., 2000; Ingleby et al., 2013) , recent instruments mounted on very large telescopes give the community access to large quantity of spectra in the region of the visible UV from Earth, namely from ∼300 nm to ∼400 nm, which is sufficient for capturing the Balmer jump. Modeling the excess continuum emission at these wavelengths yields direct measurements of L acc . This method has been used in the past on a substantial number of objects (e.g., Gullbring et al., 1998; Herczeg & Hillenbrand, 2008; Ingleby et al., 2014) , but often using non-simultaneous and low-resolution spectra at optical wavelengths to determine the photospheric properties of the target. On the other hand, the indirect method of measuring the luminosity of various emission lines (L line ) and converting this into L acc through calibrated L acc -L line relations (e.g., Muzerolle et al., 1998; Fang et al., 2009 ) can be efficiently used on spec-tra covering a relatively narrow wavelength range, such as those offered by multi-object spectrographs. Recent studies have also demonstrated that L acc derived from several emission lines measured simultaneously lead to results compatible, although with a larger scatter, with more direct methods (Rigliaco et al., 2012; Alcalá et al., 2014) . Therefore, measuringṀ acc from the luminosity of emission lines is a method that is being extensively used in the literature (e.g., Mohanty et al., 2005; Natta et al., 2006; Fang et al., 2009; Costigan et al., 2012; Antoniucci et al., 2011 Antoniucci et al., , 2014 Biazzo et al., 2014) .
The second-generation VLT instrument X-Shooter allows us to obtain simultaneous spectra of the whole wavelength range from ∼300 nm to ∼2500 nm at medium resolution and to thus derive L acc directly from the UV-excess and stellar properties from the photospheric features of the spectra. Manara et al. (2013b) have developed a new method to model all the components of the observed X-Shooter spectra of YSOs to directly derive L acc simultaneously with the stellar parameters and extinction. First studies of accretion with this instrument focused on individual targets (e.g., Rigliaco et al., 2011b; Stelzer et al., 2013) or on a few very low-mass stars and BDs in σ-Orionis (Rigliaco et al., 2012) . The largest sample studied to date with this instrument is a set of 36 YSOs in the Lupus I and III clouds . This study found a significantly smaller spread of values ofṀ acc at any given M with respect to previous works. This result opened new questions in the field, such as whether Lupus is a special region where the initial conditions of star formation are similar for different objects, or if the instrinsic YSO variability in this region is inherently small. At the same time, the narrowṀ acc distribution derived using X-Shooter spectra started to show the advantage of high-quality and broad-band spectra in obtaining more precise accretion rates. A large sample of 22 transitional disks has also been studied with this instrument and the method by Manara et al. (2013b) , but larger samples of known full disks in various star-forming regions studied with the same method are needed to determine the general evolution of accretion in YSOs.
In this paper we present a study of a large sample of 34 Class II YSOs in the Chamaeleon I star-forming region (d = 160 pc, Luhman, 2008) observed with X-Shooter, and of a few additional targets in Taurus and Chamaeleon II. These results are used to verify whether the small spread ofṀ acc found in Lupus is confirmed in another star-forming region and to extend the comparison between accretion and stellar properties to solarmass YSOs, which were not targeted by Alcalá et al. (2014) . The paper is organized as follows. First, the observations and data reduction procedures are explained in Sect. 2, then the method used to derive stellar and accretion parameters is presented and compared with literature estimates in Sect. 3. The results are then presented in Sect. 4 and are discussed in Sect. 5, including a comparison with other studies with similar methods in other star-forming regions. Finally, Sect. 6 presents the main conclusions of this work.
Observations and data reduction

Main sample
The sample of pre-main sequence (PMS) stars presented in this study was selected from Luhman (2004 Luhman ( , 2007 , Spezzi et al. (2008) , and Alcalá et al. (2008) and has been observed with X-Shooter (Vernet et al., 2011) on the Very Large Telescope (Paranal, Chile) between January 17 and 19, 2010. X-Shooter provides simultaneous medium-resolution (R ∼ 5000 -18000, depending on the spectral arm and the slit width) spectroscopic observations between 300-2500 nm. It consists of three independent cross-dispersed echelle spectrographs, referred to as the UVB, VIS, and NIR arms, with the following spectral coverage: UVB (300-559.5 nm), VIS (559.5-1024 nm), and NIR (1024-2480 nm). The observations were executed by nodding the telescope along a direction perpendicular to the slit. Before the nodding observation, each target was observed in stare mode using a large slit width of 1. 5 -5 . Large-slit spectra have been used to properly flux calibrate the spectra obtained with narrow slits, which are used for the analysis because they lead to a higher spectral resolution. The observing log is reported in Table D .1 and includes the time of observation, the exposure times, the number of nodding positions, and the width of the slits used for the high-resolution observations.
The spectra were reduced with the ESO X-Shooter pipeline (Modigliani et al., 2010) version v1.3 .2 following a standard reduction scheme: bias subtraction (stare mode only), flat-fielding, wavelength calibration, background removal (stare mode only), and spectrum extraction. The latter is performed manually on the rectified spectrum, and after the extraction of each component of a binary system when both were included in the slit and spatially separated. For the spectra taken in the nodding mode, the background removal is obtained by the difference of spectra pairs. The UVB and VIS arms are corrected for atmospheric extinction using the atmospheric transmission curve of Paranal by Patat et al. (2011) .
The spectrophotometric standard star GD-71 was observed at the beginning of each night. The spectral response function of the instrument, which gives the conversions from ADU to erg cm −2 s −1 Å −1 , was obtained by dividing the observed spectrum by the tabulated spectrum provided with the X-Shooter pipeline. This has been derived from observations of GD-71 for each night and each arm independently. The response function for the UVB and VIS arms does not show variations during the three nights of observation. Small variations are observed for the NIR arm, and the response function is taken as the average of the three nights. The overall flux calibration accuracy was tested on telluric standard star observations and is stable with a ∼2% accuracy. Finally, the narrow-slit spectra are scaled upward to match the large-slit spectra. The scaling factor is computed as the ratio of the spectral continuum of the two spectra. More information on the reduction and flux calibration of the spectra obtained in this program will be discussed in Rugel et al., in prep. In total, 40 bona-fide Class II members of the Chamaeleon I star-forming region were observed. Here we discuss the properties of 34 of these objects. The other six objects are transitional disks sources that were analyzed by Manara et al. (2014) with the same method as was implemented in this paper, and they are included in our analysis. The membership of 22 YSOs in the Chamaeleon I sample has been confirmed by recent proper motion studies (Lopez Martí et al., 2013) . Following Luhman (2008, and references therein) , the adopted distances to objects in the Chamaeleon I region is 160 pc. In addition to these targets, two objects located in the Chamaeleon II cloud (d=178 pc, Luhman, 2008) , both confirmed members according to Lopez Martí et al. (2013) , and four targets located in the Taurus molecular cloud (d=131-140 pc, HH14) were observed, and their accretion properties are reported here. These targets were observed with the same observing strategy as the Chamaeleon I objects and thus are interesting objects with which to compare the accretion properties of YSOs in different star-forming regions.
Additional templates used for the analysis
The analysis presented here makes use of several photospheric templates observed with X-Shooter to estimate the stellar parameters of the targets. These templates are non-accreting Class III YSOs collected and characterized mainly by Manara et al. (2013a) . This set of templates is almost complete for objects with SpT in the M-subclass, but includes only few objects with SpT in the K-subclass (one K5, two K7 YSOs). Thus, it is useful to include some additional templates here. Three of them have been discussed in Manara et al. (2014) and have SpT G4, G5, and K2. Finally, another target, HBC407, is included here. This object is a Class III YSO (Luhman et al., 2010) with SpT K0 (HH14), which was observed during the program Pr.Id.094.C-0913 (PI Manara). Here we discuss the observations, data reduction, and classification for this target.
HBC407 was observed in service mode during the night of December 8, 2014 with the following strategy. First, a complete nodding cycle ABBA was performed using the narrower slits 0.5 -0.4 -0.4 in the three arms, respectively, with an exposure time for each exposure of 430 s in the UVB arm, 375 s in the VIS arm, and three subintegrations of 125s each in the NIR arm. Then, the object was observed immediately after this with the larger slits (5.0 ) with an AB nodding cycle with single exposures of 45 s in the UVB and VIS arms and three times 15 s in the NIR arm. The latter was used to obtain a proper flux calibration of the spectra without slit losses. This spectrum was reduced using the X-Shooter pipeline version 2.5.2, and flux calibration of the spectra was made by the pipeline using the standard star FEIGE-110. We then manually rescaled the spectra obtained with the narrow slits to those obtained with the large slits and found that they agree very well with the available photometry. Telluric correction was carried out using the telluric standard Hip036392 and the procedure described by Alcalá et al. (2014) .
This object has been classified as a K0 YSO with extinction A V =0.8 mag by HH14. Using the spectral indices discussed in that work, in particular using the R5150 index, we obtain the same SpT for this target. We then compared the observed spectrum with a BT-Settl AGSS2009 synthetic spectrum (Allard et al., 2011) at T eff =5100 K and logg=-4.0 and found a best agreement by applying a reddening correction of A V =0.8 mag using the extinction law by Cardelli et al. (1989) and R V =3.1. This T eff is consistent with a SpT between G8 and K1 according to different SpT-T eff relations (HH14 and Kenyon & Hartmann (1995) , respectively). Here a SpT K0 is assumed for this target. Finally, we calculated the luminosity of the target from the observed spectrum and the synthetic spectrum following the same procedure as Manara et al. (2013a) , and, assuming d=140 pc (HH14), we derive log(L /L ) = −0.45 for this target, the same value as HH14. However, the position of this target is below the main sequence. This could suggest that it is not a member of the Taurus region. Nevertheless, this uncertainty does not influence the estimates of stellar parameters for other targets based on this template because the information on the distance is taken into account in the procedure.
The spectrum of this target shows no signs of accretion in the typical lines tracing accretion in YSOs (e.g., Hα), but a prominent LiI λ670.8 nm absorption line, and narrow chromospheric emission lines as a reversal in the core of the photospheric absorption lines in the Ca IR triplet.
Analysis method
Here we briefly explain our method to self-consistently derive stellar and accretion parameters from the X-Shooter spectra, and we report our results. All the objects discussed here have also been previously characterized by other authors (e.g., Luhman, 2007, see Table A .1) using red optical and infrared spectra. The comparison with these results is also presented in this section.
Determining the stellar and accretion parameters
To determine the stellar and accretion parameters, we used the method described in Manara et al. (2013b) , which determines the SpT, A V , L , and L acc by finding the best fit among a grid of models. This grid includes different photospheric templates (see Sect. 2.2), several slab models to reproduce the excess continuum emission due to accretion, and extinction parametrized with the reddening law by Cardelli et al. (1989) with R V =3.1 and values of A V from 0 mag to 10 mag with steps of 0.1 mag. The slab model has been used by Valenti et al. (1993) and Herczeg & Hillenbrand (2008) , for example, and it is not a physical model of the accretion region, unlike the shock models by , but provides an accurate bolometric correction to determine the total excess flux that is due to accretion. The best fit is found by comparing the flux of the observed spectrum and that of each model in various continuum regions and in different features of the spectra, and by minimizing a χ 2 like distribution to determine the best match. The points included in the fitting procedure range from λ ∼330 nm to λ ∼715 nm. A proper fit of the Balmer continuum is needed to determine L acc and the veiling of the spectra. The Balmer continuum is well determined even with spectra with very low signal-to-noise ratio (S/N) on the continuum at λ ∼330 nm. The spectra of most of the targets discussed here have enough signal to perform the analysis. Only spectra with no signal in the Balmer continuum regions, such as those of Cha Hα 9 and Cha Hα 1 in this work, are not suitable for the method described here. More discussion of these and other individual targets is available in Appendix B. The stellar parameters (T eff , L ) are derived from the properties of the best-fit template and L acc from the slab model parameters as described by Manara et al. (2013b) , and are reported in Table 1 . The best fit of the UV excess for all the targets are shown in Fig. ? ?-??. We have compared our direct measurements of L acc from the excess Balmer continuum emission to alternative estimates from line luminosities in the same spectrum. The agreement is good when using the L acc -L line relations by Alcalá et al. (2014) , with only small differences for the objects with SpT K2. For further analyses of the emission lines present in the spectra, we refer to Fedele et al. (in prep.) .
The HR diagram (HRD) of the Chamaeleon I sample is shown in Fig. 1 overplotted on the isochrones from the evolutionary models by Baraffe et al. (1998) . This evolutionary model was chosen for consistency with previous analyses of XShooter spectra, so that the comparison is less model dependent. Most of the objects are located on this diagram around the 3 Myr isochrone, with a few of objects located closer to 10 Myr, and only three objects are located slightly below the 30 Myr isochrone, but still above the 30 Myr isochrone from other models (e.g., Siess et al., 2000) . The stellar mass (M ) was obtained by comparing the position in the HRD to the Baraffe et al. (1998) evolutionary tracks. Finally, the stellar radius (R ) was derived from T eff and L , andṀ acc from the usual relatioṅ M acc =1.25·L acc R /(GM ) (e.g., Gullbring et al., 1998 The distribution of the derived parameters SpT, A V , and M for the Chamaeleon I targets is shown in Fig. 2 . As expected, most object have low A V 3 mag. The Chamaeleon I sample discussed here, together with the six transitional disks in Chamaeleon I discussed by Manara et al. (2014) , includes more than 40% of the known Class II and transitional disks YSOs in the region, with higher completeness levels at SpT earlier than M3, corresponding to M ∼0.5 M , than at later SpT. This sample is thus large enough to discuss general properties of YSOs with M 0.5 M in the Chamaeleon I region alone.
Non-accreting targets in Chamaeleon I
All targets analyzed here have excess dust emission in Spitzer photometry and spectroscopy (e.g., Luhman et al., 2008b; Manoj et al., 2011) , indicating the presence of a disk in the system. Some of these, however, show no evidence of ongoing accretion from the lack of measurable excess in the Balmer continuum. In this section we discuss the properties of another proxy of accretion present in our spectra, the Hα line profile. The equivalent width (EW) and width at 10% of the peak (W 10% ) of the Hα line can be used to distinguish objects with ongoing accretion, although with discrepant results with respect to the Balmer continuum excess in some cases. According to White & Basri (2003) , an object is defined as an accretor when W 10% >270 km/s, and EW is higher than a threshold that depends on the SpT of the target. According to the White & Basri (2003) criterion, seven targets in the sample are non-accreting: T4, ISO-ChaI 52, T33A, T45a, T54-A, Hn17, and Hn18. The fitting of the observed spectrum was also performed for these non-accreting YSOs. In most cases, the accretion excess in the Balmer continuum with respect to the photosphere is very small, within the noise of the spectra, or absolutely negligible, and this is compatible with the nonaccreting status of these targets as suggested by the Hα line profile. The value of L acc derived in these cases is to be considered as an upper limit on the accretion rate. However, it seems that the excess in the Balmer continuum is non-negligible for ISOChaI 52, in particular, although we measure W 10% ∼190 km/s and EW = -10.6 Å. This object has been reported to accrete at a higher rate by Antoniucci et al. (2011) , but their result is based on the flux of only few near-infrared emission lines, and they did not self-consistently derive the stellar parameters of the targets. It is also possible that the object is now accreting at a lower rate than in the past. For another non-accreting target, T4, Frasca et al. (2015) reported a higher value of W 10% ∼390 km/s than was measured from our spectra, W 10% ∼230 km/s. This could be a variable object with a negligible accretion rate at the time of our observations.
Targets in Chamaeleon II and Taurus
While the vast majority of the targets discussed in this work are located in the Chamaeleon I region, four additional targets are located in Taurus and two are located in Chamaeleon II. These were analyzed with the same method as described in Sect. 3.1, and their properties are reported in Table 2 . All these targets have a detectable accretion excess in the Balmer continuum and are also accretors according to the EW and W 10% of the Hα line criteria. Two objects, namely FN-Tau and Sz50, have W 10% smaller than 270 km/s, but their EWs are larger than the threshold for their SpT. Only Hn24 presents a negligible excess in the Balmer continuum. This object has a very wide W 10% of more than 300 km/s. We report the accretion rate detected for this target, but the small excess and the small EW of the Hα line indicate that it might be non-accreting.
Comparison with other methods
The stellar parameters (SpT, A V , L ) for all the targets discussed here have previously been derived by several studies (e.g., Luhman, 2007; Spezzi et al., 2008; Daemgen et al., 2013; Frasca et al., 2015, cf. Table A.1-A.2) . Accretion rate estimates are only available for some targets (e.g., Antoniucci et al., 2011 Antoniucci et al., , 2014 Frasca et al., 2015) . Here we compare these results with our estimates.
Differences between our results and those in the literature are typically less than a spectral subclass in SpT and ∼ 0.3 mag in A V , both within the uncertainties. The largest differences in SpT occur for K-type stars, probably because our moderateresolution blue spectra include better temperature diagnostics (e.g., Covey et al., 2007) than the low-resolution red spectra used in most previous studies of the region. The scarcity of templates in this work in the early-K spectral range may also contribute to this difference. Differences in A V estimates may be related to different methods, as Luhman (2007) used infra-red photometry and a different R V to derive extinction, while here the whole optical X-Shooter spectrum was used and A V is derived together with SpT and L acc . Notes. † Non-accreting objects according to the Hα line width at 10% of the peak and Hα line equivalent width. All stellar parameters have been derived using the Baraffe et al. (1998) evolutionary models apart from objects with a * symbol, for which the Siess et al. (2000) models were used. Table 2 : Derived stellar and accretion parameters for the other targets in this study The results derived with the method used here were also checked against other methods to derive SpT and L from the observed spectra. In particular, the SpT determined here are also compared with those obtained using the spectral indices by HH14, by Riddick et al. (2007) , and the TiO index by Jeffries et al. (2007) . In general, the agreement is very good with only a few exceptions in cases where different indices would lead to different results. Similarly, L derived here agrees well, with differences in all the cases but one smaller than a factor ∼1.6, with those obtained using the bolometric correction by HH14 after removing veiling.
Finally, Fig. 3 shows the comparison between the values oḟ M acc for Chamaeleon I targets derived here and those from the POISSON survey (Antoniucci et al., 2011 (Antoniucci et al., , 2014 and the Gaia-ESO survey (GES, Frasca et al., 2015) . The POISSON survey used infrared spectra and the luminosity of the Brγ and Paβ emission lines to derive L acc , and obtainedṀ acc assuming the stellar parameters for the targets from Luhman (2007 (Antoniucci et al., 2011 (Antoniucci et al., , 2014 and the Gaia-ESO survey (GES Frasca et al., 2015) . The latter are derived either from the equivalent width of the Hα line (EW) or from the 10% width of the same line (10).
cases. The reason for the difference is the use of a single indirect accretion indicator, and also the relation between the luminosity of the Brγ line and L acc they used, which differs from the more recent one by Alcalá et al. (2014) . The estimates ofṀ acc from the GES were all derived using the EW and 10% width of the Hα emission line. Although our accretion rates generally agree with those from GES, some large discrepancies for individual objects are present. The Hα line, and especially its 10% width, is known not to be the best tracer of an accretion rate (e.g., Costigan et al., 2012) , although it is widely used because it is the brightest emission line in YSOs. This comparison presented here confirms that single values ofṀ acc from this indicator alone should be considered with caution.
Results
The dependence of the accretion rates on the stellar parameters is presented here. The relation between L acc and L is first discussed for the Chamaelon I sample and in comparison with other large X-Shooter sample of YSOs, then theṀ acc -M relation is presented. The results presented here are to be considered as only representative for the range of M that is covered with high completeness by this survey, namely at M 0.5M .
Accretion luminosity and stellar luminosity dependence
The L acc vs L relation for the Chamaeleon I sample is shown in Fig. 4 . The targets mostly occupy the region between L acc =L and L acc =0.01L , although not uniformly at all stellar luminosity. Indeed, objects with L 0.1L have L acc /L ratios ranging from ∼0.01 up to ∼1, or even more in two cases. These two strongly accreting targets both have L ∼L . In contrast, objects with low stellar luminosity (L 0.1L ) have L acc 0.1L , and the objects with lowest luminosity have even L acc <0.01L . However, the sample discussed here comprises few objects in this range. Non-accreting objects, as expected, are located in the lower part of the plot, and they always have L acc 0.01L . The positions of the targets on the L acc -L plane was fitted with the statistics package ASURV (Feigelson & Nelson, 1985) run in the IRAF 1 environment, considering the value of L acc for the non-accreting objects as an upper limit. With the whole sample, we then find a best-fit relation of
with a standard deviation around the best fit of 0.89. If only accreting objects are analyzed, the best-fit line is
with a standard deviation of 0.62. The latter relation is shown in Fig. 4 . In Fig. 5 the values of L acc vs L for the Chamaeleon I targets are compared with those in Taurus and Chamaeleon II analyzed here, with the samples of Class II YSOs in the Lupus clouds analyzed by Alcalá et al. (2014) , and with transitional disks in various regions, including Chamaeleon I, by Manara et al. (2014) . These samples of X-Shooter spectra comprise the largest set of flux-calibrated broadband spectra of young stars used to simultaneously measure accretion, photospheric properties, and extinction. The distribution of stellar parameters for the objects in this sample is different, and comparisons can only be performed by extrapolating the results to other stellar parameters, for instance, L ranges.
The Taurus targets analyzed here follow the L acc -L distribution of the Lupus targets, while the Chamaeleon II targets are located in the lower part of the distribution. With respect to the best fit of the sample of Alcalá et al. (2014) are compatible. Indeed, the slope of the best fit for this relation using the Chamaeleon I data alone and excluding non-accreting objects is 1.7±0.2, while the slope derived from the Lupus sample is 1.5±0.2. In the Chamaeleon I sample there are more strongly accreting YSOs with L acc ∼L than in the Lupus sample. This difference in the fraction of strongly accreting YSOs in the Chamaeleon I sample compared to that of Alcalá et al. (2014) may be the result of different selection criteria (see discussion in Sect. 5.2). In any case, the sample analyzed here confirms that the relation between L acc and L has a slope significantly steeper than 1 and shows that there are several very strongly accreting YSOs in Chamaeleon I. In contrast, no strongly accreting YSOs are present in the Lupus sample analyzed by Alcalá et al. (2014) . The distribution of the accreting transitional disks located in the Chamaeleon I region shown in Fig. 5 also seems to follow the best fit of the L acc -L relation of the Class II YSOs in this region fairly well, with the only exception of CHXR22E, which is a non-accreting transitional disks that has been discussed by Manara et al. (2014) . At the same time, the transitional disks from other regions are also mostly located in the same part of the L acc -L plane as the majority of Class II YSOs, mostly following the locus of Lupus targets.
Mass accretion rate and stellar mass dependence
The dependence ofṀ acc on M in the Chamaeleon I sample is shown in Fig. 6 . All the non-accreting objects are located in the lower part of the distribution. Only ISO-ChaI 237 has a similaṙ M acc as non-accreting objects, and it could also be borderline accretor. A tight correlation betweenṀ acc and M is present, which is a well-known result in the literature. The best fit for this relation including non-accreting objects, again considered as upper limit onṀ acc , is
with a standard deviation of 1.04. When excluding the nonaccreting YSOs, the best fit is
with a smaller standard deviation of 0.75. However, several targets are outliers in this plot. Excluding Cha-Hα1, which is the only brown dwarf in the sample, and ISOChaI 237, whose position in the plot is in the same region as the non-accreting YSOs, the following best fit of theṀ acc -M relation for the accretors in Chamaeleon I is obtained:
with a smaller standard deviation around the best fit of 0.67. Clearly, these two outliers influence the results substantially. This best fit and its standard deviation are shown in Fig. 6 . Figure 7 shows theṀ acc -M relation for the same samples as in Fig. 5 , that is, the Chamaeleon I targets and those in Taurus and Chamaeleon II analyzed here, the Lupus sample by , and the transitional disks by Manara et al. (2014) . The few measurements in Taurus and Chamaeleon II are consistent with the relations found in Chamaeleon I and Lupus. The slope of this relation is very similar between the Chamaeleon I sample (1.83±0.35), when excluding the outliers and non-accreting YSOs, and the Lupus sample (1.81±0.20). The most relevant difference is then the larger spread around the best fit that is found in the Chamaeleon I sample (0.67 dex) with respect to the spread of the Lupus targets (only 0.4 dex). In particular, there are some objects withṀ acc higher than that of objects with the same M in Lupus at M 0.2M , but also several objects with lowerṀ acc than the Lupus sample at M ∼1 M . It is also clear from Fig. 7 that there are several accreting Class II YSOs in Chamaeleon I withṀ acc similar to those of transitional disks, in particular similar to the transitional disks in Chamaeleon I, but also to those in other regions. Mass accretion rate as a function of mass for the whole Chamaeleon I sample of Class II discussed here (red filled stars for accreting objects and empty stars for non-accreting objects) and for the Lupus sample of Alcalá et al. (2014) , reported with green squares, and with empty green squares for subluminous targets. Symbols for objects in other regions and at other evolutionary stages, such as transitional disks, are reported in the legend. In particular, transitional disks located in the Chamaeleon I region are shown with red empty circles. The blue upper limit is a transitional disk. The gray continuous line represents the linear fit of this relation for the Lupus sample , and the dashed lines represent the 1 σ deviation from the fit, while the red lines are the same for the Chamaeleon I sample analyzed here.
Discussion
Accretion rates in full and transitional disks
The results presented in Sect. 4 show that L acc andṀ acc scale with the stellar properties, respectively L and M , with a high degree of correlation. In particular, the samples presented here and those from the literature include objects at different evolutionary stages of the disks, mainly Class II YSOs, that is, objects surrounded by a full disk, and transitional disks. Although the comparison sample of transitional disks by Manara et al. (2014) included here is small and biased toward known accretors, the comparison ofṀ acc in transitional disks and full disks presented here shows no substantial differences. The values ofṀ acc are similar for full and transitional disks even at M ∼M . According to Najita et al. (2015) , this is a result of the selected comparison sample. Indeed, they suggested that age differences between the targets might result in smaller differences inṀ acc , asṀ acc is expected to decrease with age because of the viscous evolution of the disks (e.g., Hartmann et al., 1998) . However, Fig. 7 shows that transitional disks located in Chamaeleon I haveṀ acc similar to full disks in the same star-forming region. A difference between the full-and transitional-disk Chamaeleon I samples is that there are no transitional disks that are as strongly accreting as the strongest accretor from the sample of full disks. These results confirm that the sample of accreting transitional disks by Manara et al. (2014) has similar accretion properties as full disks. However, no transitional disks in this sample have been identified as strong accretors. A possible difference between our analysis and the analysis by Najita et al. (2015) may be the prevalence of strong accretors in their sample. Again, this result is based on a small and biased sample of transitional disks and might not be valid for the whole class of objects.
Empirical differences between Chamaeleon I and Lupus
The results shown in Sects. 4.1 and 4.2 suggest that there are two main differences in the accretion rate properties of Chamaeleon I and Lupus accreting YSOs: the Chamaeleon I sample comprises more strongly accreting YSOs with L acc ∼L , and the spread of values ofṀ acc at any given M in the Chamaeleon I sample is larger than the one found by Alcalá et al. (2014) for objects located in the Lupus clouds and is more compatible with the 0.8 dex found for Taurus members by Herczeg & Hillenbrand (2008) . In any case, this spread ofṀ acc is still much smaller than was found in previous studies (e.g., Muzerolle et al., 2003; Mohanty et al., 2005; Natta et al., 2006; Manara et al., 2012; Ercolano et al., 2014) . Before discussing the possible reasons for the difference in the accretion properties of objects in the two largest X-Shooter samples, it is important to remark that the Chamaeleon I and the Lupus X-Shooter samples both include only ∼40-50% of the targets surrounded by an optically thick disk (i.e., Class II or transitional disks) in each of these regions. Therefore, selection effects are present in both samples, and some differences might be ascribed to this difference in the intrinsic stellar properties of the targets. In particular, the distribution of M in the two samples is different: more than 70% of the Lupus objects have M 0.5 M , while 60% of the Chamaeleon I targets have M > 0.5 M . It is possible that theṀ acc -M relation is tighter at lower M , as recent results in low-mass stars and brown dwarfs (BDs) in ρ-Ophiuchus suggest (Manara et al., 2015) , and this would explain why there is a smaller spread ofṀ acc in the Lupus sample. This means that it might be more plausible to have YSOs accreting with L acc ∼L at higher masses, which would explain why more strongly accreting YSOs are present in the Chamaeleon I sample. Both hypotheses can be tested only with more complete samples in various star-forming regions. The selection criteria of the two samples might likewise bias the results. The Lupus targets were selected mostly to be low-mass stars with low or negligible extinction, while the Chamaeleon I targets sampled mostly objects with higher masses and bright, thus it might have been easier to include strongly accreting targets in the latter.
In the following, we discuss some possible reasons for this difference in the context of accretion and disk evolution theories.
Constraints on accretion and disk evolution theories
The slope of theṀ acc -M relation is a proxy for determining the main driver of the dispersal of protoplanetary disks (Clarke & Pringle, 2006) . The facts that the slope is significantly higher than 1 and that there is no evidence of an upper locus of objects with slope unity in theṀ acc -M plane disagrees with the expectations formulated by Hartmann et al. (2006) . However, this locus of strongly accreting objects might not be observed in the samples analyzed here because the samples are incomplete. In the context of disk dispersal by photoevaporation, the slopes derived for both the Chamaeleon I and Lupus samples are more compatible with X-ray photoevaporation models (Ercolano et al., 2014) than EUV photoevaporation models (Clarke & Pringle, 2006) . If the larger spread ofṀ acc values in Chamaeleon I with respect to Lupus is driven by the different M range of the two samples, this spread is indeed larger for higher mass stars than for BDs; this could be explained with the models by Alexander & Armitage (2006) . They explain theṀ acc -M relation as a consequence of initial conditions at formation of the disk. To reproduce the observed slope∼2, they suggest that t ν ∝ M −1 , thus that higher mass stars evolve faster. However, observing this effect in a single star-forming region implies the presence of significant age spreads within that region and that the individual stellar ages may be reliably measured. However, ages of individual young stars are unreliable at present (Soderblom et al., 2014) .
In the context of viscous evolution theory (e.g., , a difference in age could explain the differences in the number of strong accretors and in the spread ofṀ acc values between Chamaeleon I and Lupus. The difference in age between the Lupus and Chamaeleon I regions is probably smaller than 1-2 Myr, if there is any difference at all (e.g., Luhman et al., 2008b; Alcalá et al., 2014) . Viscous evolution models (e.g., ) predict a typical decrease ofṀ acc by ∼0.3 dex between 2 and 3 Myr for a typical low-mass YSO. This value is higher than the differences in the intercepts of theṀ acc -M relations in the two samples and might explain some observed differences. However, the uncertainty on the age estimates and the possibility of non-coevality of the targets in each region lead us to consider this effect as a minor, if not negligible, explanation of the observed differences.
As variability is often referred to as a possible explanation for the observed spread ofṀ acc values, it is worth asking if it can play a role in explaining the differences between Lupus and Chamaeleon I discussed here. Costigan et al. (2012) have shown that the typical variability ofṀ acc in Chamaeleon I targets is generally 0.4 dex. Independent studies in other starforming regions also confirm this finding (e.g., Venuti et al., 2014) . Therefore, this effect can be relevant to explain some, even most, of the observed spread of values. If the main factor that explains the observed spread is variability, then this would suggest that the typical rate of accretion variability is lower for objects located in the Lupus cloud than for those in the Chamaeleon I region.
We also consider whether the observed differences are due to the different environment in which the targets discussed here are located. Padoan et al. (2005) suggested that the observeḋ M acc are a consequence of Bondy-Hoyle accretion of material surrounding the YSO onto the central object. Such a description would imply a strong dependence of the values ofṀ acc on the amount of pristine material in the region. However, the mean value ofṀ acc is very similar in the Chamaeleon I and Lupus regions, the largest difference is the scatter of the values. Therefore, this hypothesis could be tested by checking the amount of gas present in the immediate vicinity of individual YSOs and not at the level of the whole cloud. Dullemond et al. (2006) also suggested that the spread of values in theṀ acc -M relation is related to different initial conditions at the formation of disks, in particular different initial core rotation rates. If this is the case, then it might be possible that there has been a larger spread of core rotation rates in Chamaeleon I than in Lupus, or, on the other hand, that higher mass stars have a larger spread of this value at formation. Finally, it is also possible that the YSO population of Lupus is different from the populations in other regions. For example, Galli et al. (2015) have found that the lifetimes of disks may be shorter in this region than the lifetimes for objects located in the Taurus star-forming region. Although this result relies on individual age estimates, it suggests that objects located in different environments might follow different evolutionary paths.
Conclusions
We have presented the analysis of 34 X-Shooter spectra of YSOs in the Chamaeleon I star-forming region, together with four targets in Taurus and two in Chamaeleon II. We have derived their stellar and accretion parameters self-consistently from the same simultaneous spectra ranging from the UV excess, a direct accretion tracer, to the region at ∼700 nm, which is full of molecular features that are proxies of SpT of the targets. We distinguished between clearly accreting YSOs and those that do not fulfill the criteria to be considered accretors.
The dependence of accretion on the stellar parameters was tested with the logarithmic L acc -L and theṀ acc -M relations, which both show a very good correlation when considering only the accreting targets. The slopes of these relations are 1.72±0.18 and 1.83±0.35, respectively. These values are compatible with those found in other star-forming regions, such as Lupus. More evolved objects, that is, transitional disks, also located in the Chamaeleon I region follow the locus of full disks in these two relations very nicely as well.
The largest discrepancy between our results and previous results with similar methods in Lupus is the larger spread of thė M acc -M relation around the best fit, and, in particular, the larger amount of strongly accreting YSOs we found. These differences might suggest that there are intrinsic differences in the evolution of protoplanetary disks in these two regions, but they might also be ascribed to the fact that these two samples cover only ∼50% of the accreting YSOs in these regions and span a different range of stellar masses. The Chamaeleon I sample analyzed here is mostly composed of YSO with masses closer to solar mass, while the Lupus sample comprises many lower mass stars. We might thus see a different behavior in a different stellar mass range.
Our results suggest that the accretion properties of accreting YSOs located in the Chamaeleon I and in the Lupus regions might be different. This difference will be tested when complete X-Shooter samples in both star-forming regions, and possibly in more regions, will be available. At the same time, we await the results from current ALMA surveys of Chamaeleon I and Lupus that will better determine the disk properties of these targets, as this could help us in understanding the differences between the measured accretion rates for objects with similar masses. Finally, with the data release of Gaia we will have the possibility to refine the precision of our measurements with the newly determined distances to individual objects in these nearby star-forming regions.
B.1. Chamaeleon I targets
T3: this target has a best fit with templates with SpT K7. However, the derived L is low and results in a position on the HRD slightly below the 30 Myr isochrone according to the Baraffe et al. (1998) models. Even including additional points in the fit did not change the results. However, the fit is good, the SpT is compatible with that from the literature (M0) and that from the TiO index by Jeffries et al. (2007) (K6) and is slightly later than the result with the indices by HH14 (K4.2). Similarly, the A V estimated here agrees well with previous values in the literature. When using the bolometric correction by HH14 to determine L , this is only ∼1.2 times higher than the one derived from the best-fit template. This would make the object only slightly younger, thus still older than 20 Myr.
CR Cha: This object was best fit with a K0 template. Previous works reported it as an object with SpT K2, but the fit with a K2 template is not good. The value of SpT derived using the indices by HH14 is K1, but no templates with this SpT are available. Given that the position of this target on the HRD is outside the range of the evolutionary models by Baraffe et al. (1998) , the stellar parameters were derived using evolutionary models by Siess et al. (2000) .
CT Cha A: the best fit of this target was obtained by including additional points at ∼400 nm and between ∼500 nm and 600 nm. If these additional points were not included, the best fit would have been with a K2 template, but it would have been worse and leading to a significantly older age. However, the other stellar and accretion parameters would be compatible within the uncertainties. When comparing L determined from the best fit with that obtained using the bolometric correction by HH14, the latter would lead to a value higher by a factor ∼1.8. The reason for this discrepancy is possibly the high veiling in this object due to very intense accretion.
Cha Hα1: None of the photospheric templates available in this study has the same SpT as this target. Indeed, literature estimates and spectral indices lead to an M7-M8 SpT. This object is also known to have negligible extinction (Luhman, 2007) , and it seems not to accrete at a high rate from the emission lines present in the spectrum. Therefore, it is possible to adopt the SpT from the spectral indices for this target, assume A V =0 mag, determine L using the bolometric correction by HH14, and L acc from the luminosity of the emission lines present in the spectrum and the relations by Alcalá et al. (2014) to convert these luminosity in Notes. Spectral types, extinction, disk classification, accretion indication, and binarity are adopted from the following studies: 1. Luhman ( Notes. Spectral types, extinction, disk classification, accretion indication, and binarity are from the following studies: 1. Herczeg & Hillenbrand (2014) ; 2. Furlan et al. (2011); 3. Spezzi et al. (2008) ; 4. Alcalá et al. (2008) L acc . This was the procedure adopted here to derive the stellar parameters reported in Table 1 and used in this work. Cha Hα9: The spectrum of this object has almost no flux in the whole UVB arm, thus the procedure adopted in this work for the other targets was not applicable. This target is probably accreting at a very low rate according to its Hα line. Indeed, the EW Hα is 20 Å, while the 10% width of the line is ∼200 km/s. The stellar parameters were thus derived in the following way. First, the SpT was determined using several spectral indices, which led to an estimate of SpT M5.5. Then, the VIS part of the spectrum was compared to a photospheric template with SpT M5.5 that was reddened with increasing values of A V in steps of 0.1 mag until a best match was found. The best agreement between the two spectra is with A V =4.8 mag, which is higher than that reported in the literature. Finally, L was determined using the bolometric correction by HH14 and L acc from the only emission line detected with high S/N in the spectrum, which is the Hα line. As the width of this line is quite small, it should be noted that the L acc derived here might be an upper limit of the real L acc , as this object might be non-accreting.
Sz22: This object is a very complex multiple system. Only the close binary at the center (Schmidt et al., 2013 ) is included in the slit. This object is a confirmed member of Chamaeleon I by Lopez Martí et al. (2013) from proper motion studies. The best fit was obtained by including all the additional points listed above and with a value of A V much lower than the one reported in the literature (Luhman, 2007; Schmidt et al., 2013) . No signs of the companion were found in the overall shape of the spectrum. The derived age is older than 10 Myr, but still compatible with younger ages according to other evolutionary models.
ESO Hα 562: The spectrum of this target has a low S/N (∼1) in the UVB arm until ∼400 nm. It is reported to be a close binary (0.28 separation) of two objects with the same SpT (M0.5, Daemgen et al. 2013) . Therefore, both objects have probably been included in the slit and are not resolved. The best fit was obtained with SpT M1 and a L = 0.11 L . The same L is obtained when using the bolometric correction by HH14. This places the object low on the HRD, at an age of ∼24 Myr. The A V =3.4 mag derived here is smaller than the A V >4 mag reported by Daemgen et al. (2013) , while the L determined here is the same as that reported by Daemgen et al. (2013) for component B. It is thus possible that in the VIS and UVB arm the spectrum of component B dominates, as Daemgen et al. (2013) reported that component A has A V =10.5 mag and it is as bright as component B in the near-infrared. The latter has only A V =4.3 mag, according to Daemgen et al. (2013) , thus at optical wavelengths component B is significantly brighter than component A.
T33-B:
The best fit was made with a template with SpT K0, but this led to a low L implying an age∼40 Myr according to the evolutionary models by Baraffe et al. (1998) . A similar L was determined when using the bolometric correction by HH14. It should be noted that this component of the system T33 is composed of two objects separated by 0.11 (Daemgen et al., 2013) , thus not resolved by our observations. From near-infrared spectra, Daemgen et al. (2013) reported a SpT M0.5 for these targets. However, both the fit and the spectral indices lead to a much earlier SpT and to an A V similar to that of component A.
Cha Hα6: the best fit for this target was with the photospheric template with SpT M6.5, but this was obtained from a spectrum with a low S/N in the UVB. However, the spectral indices also confirm that the SpT of this target is around M6. The value of L determined from the fit places the object immediately on the 1 Myr isochrone of the evolutionary models by Baraffe et al. (1998) , while the L from the bolometric correction by HH14 leads to a smaller L . As reported earlier on, this difference might be ascribed to the SpT-Teff relation used by HH14, which differs from that by Luhman et al. (2003) , which was used here, at this late stellar type.
T44: This object is a very strong accretor almost totally veiled, and it is known to launch a jet . The results of the fit are not perfect, for example, the slope of the Balmer continuum is not well reproduced. However, even including additional points in the fit the accretion parameters change within the uncertainties, while the stellar parameters, in particular the SpT, might change.
T45a: This is a non-accreting target, but the profile of the Hα line is unusual for a non-accreting object. It seems rather narrow (∼150-170 km/s) and weak, but has a strong self-absorption at almost zero velocity. The excess in the UV is almost zero, and theṀ acc very low, consistent with being non-accreting.
ISO-ChaI 237: The spectrum of this target has a low S/N in the UVB arm, thus the best fit is slightly uncertain, but leads to a SpT compatible with the values from spectral indices and from the literature. This best fit leads to a lowṀ acc in theṀ acc -M plane, in the region where non-accreting targets are located. It is difficult to determine if this object is non-accreting because its spectrum presents a broad Hα line but with strong selfabsorption and, thus, a small EW.
T49: This object is one with stronger accretion than most in the sample analyzed here. The spectrum is highly veiled, but a best fit was found and confirmed, also including additional points.
T54-A: This is a non-accreting target, composed of two components separated by 0.24 , thus not resolved by our observations (Daemgen et al., 2013) . Component A should, however, dominate the emission in this wavelength range. The SpT derived here agrees with that from the literature and from spectral indices by HH14. 
